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(54) At>8traaTltie:.Expanding a tubular member 

(57) An apparatus, comprising: a first tubular member 
(170); and a second tubular member (155) coupled 
to the first tubular member; a mandrel (145) within 
the second tubular member; a pressurized region 
(175) within the second tubular member above the 
mandrel; and a mechanism adapted for displacing 
the mandrel with respect to the second tubular 
rnember; wherein the first tubular member Includes 
a defecth/e portion, and wherein the second tubular 
nriember is positioned in opposing relation to the 
defective portion. 

The first tubular member may be a wellbore casing 
and the second tubular member may be suspended 
in situ to repair the defect in the wellbore casing. 
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EXPANDING A TUBULAR MEMBER 
Cross Relerenoe To Related Applicationis 

The present applicatipr) claims the tenefit of the fjllr^ date of U.S. provisional 
patent application serial no. 60/183.546, attorney docket no. 25791.10. filed on 
2/1 8/2000. the disdosure of which is inporporated herein by reference.. 

This application is a continuation-in-part of U.S. Serial No. 09/559.122. attorney 
docket numl)er 25791.23.02. fded on 4/26/2000. which claimed ttie l)enefit of fte filing 
date of U.S. provisional patent applicaticMi serial numlwr 60/131.106, filed on 
4/26/1999, which was a continuatk>n-in-part of U.S. patent application serial number 
09/523.460. attorney docket number 25791.11.02, filed on 3/10/ 2000. whtah claimed 
the benefit of the filing date of U.S. provisfonal patent application serial no. 60/124,042, 
filed on 3/11/1999. which was a continuation-in-part of U.S. patent applicatton serial 
number 09/510,913. attorney docket number 25791.7.02. which claimed the benefit of 
the filing date <rf U.S. provisfonal patent applicatipn serial number 60/121,702, filed on 
2/25/1999, which vi^ a continuation-in-part of U.S. patent applicatfon serial number 
09/502.350, attorney docket number 25791.8.02, fned on 2/10/2000, which claimed the 
benefit of the filing date of U.S. provisional patent application serial number 
60/119.611. attorney docket number 25791.8, filed on 2/11/1999. which was a 
continuatton-ln-part of U.S. patent application serial number 09/454,139. attorney 
docket number 25791.3.02. filed on 12/3/1999. which claimed the benefit of the filing 
date of U.S. provisfonal patent applicatfon serial number 60/111.293, filed on 
12/7/1998. 

The present applicatk)n is related to the fbitowing U.S. patent appjicattons:'(1) 
utility patent appOcation number ■ attorney docket number 25791.9.02. 

filed on 11-16-1999. which claimed the benefit of the filing date of proMstonal patent 
application number 60/108,558. attorney docket number 25791.9,.filed on 11-16-1998; 

(2) utility patent application number _, attorney docket number 25791.3.02, 

filed on 12-3-1999, which claimed the benefit of the filing date of provisfonal patent 
application number 60/111,293, attomey docket number 25791.3, filed on 12-7-1998; 

(3) utility patent applicatfon number attorney docket number 

25791.8.02, filed on 2-10:2000. which dalnwd the benefit of the filing date of 
provisional patent application number 60/119.611, attomey docket number 25791.8. 
filed on 2-11-1999; (4) provisional patent application number 60/121,702. attorney' 
docket number 25791.7. filed on 2-25-1999; (6) provisional patent applicatfon number 
60/121.841. attomey docket number 25791.12. filed on 2-26-1999; (6) provisional 



patent application nutvber 60/121.907, attorney docket numlwr 25791.16. filed on 2- 
26-1999; (7) provfsional patent appUcafim nurnlwr 60/124.042. attorney docket numlwr 
25791.11, filed on 3-11-1999; (8) provisional patent application numt)er 60/131,106. 
attorney dodcet number 25791.23, filed on 4-26-1999; (9) provisional patent application 
5 numtwr 60/137.9)98. attorney docket muvber 25791.17. filed on 6-7-1999; (10) 
provisional patent application number 60/143,039, attorney docket number 25791.26. 
filed on 7-9-1999; (11) provisional patent application number 60/146,203, attorney 
docket number 25i791.25, filed on 7-29-1999; (12) provisional patent applteation 

- attomey docket number 25791.29. fited on 9-16-1999; (13) 

10 provisional patent application number ' • athxney docket number 

25791.34, filed on 10-12-1999; (14) provisional patent application number 
attomey docket number 25791.36. filed on 10-12-1999; (13) provisfonal patent 
applicatkm number 60/159,033, attorney docket number 25791.37. filed on 10-12- 

1999; (15) provisional patent application number , attomey docket 

15 number25791.27. filed on 11-01-1999. 

Applicants incorporate by reference the disclosures of tliese applications. 

Background of the Invention 
Thiis Invention relates generally to vtreilbore casings, and In paticularto wellbore 
casings tttat are fortned using expandable tubing. 
20 Conventionally, wf)en a wellbore is created, a number of casings are instelled in 

the borehole to prevent ooHapse of the borehole wall and to prevent undesired outflovv 
of drilling fluki into the fonnatkwi or inflow of Add from the fomriatton into the borehole. 
The borehole is drilled in intervals whereby a casing virfifch is to be instelled in a lovirer 
borehote interval is towered through a previously instelled casing of an upper borehole 
25 hterval. As a consequence of this procedure th^ casing of the tower Interval is of 
smaller diameter than the casing <rf the upper interval. Thus, the casings are in a 
nested anangement with easing diameters decreasing in downward direction. Cement 
annull are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehote wall. As a consequence of this nested arrangement 
30 a relatively large borehole diameter is requir«l at the upper part of the wellbore. Such 
a large borehole dianieter involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is Involved due to required cement pumping, 
cement hardening, required equipmerit changes due to large variations in hole 
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diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

Conventionaily. at the surface end of the wellbore, a wellhead is fomned that 
typically includes a surface casing, a number of productton and/or drilling spoois. 
5 vah^g. and a Christmas tree. Typically the wellhead further Includes a concentric 
arrangement of casings including a producttiDn casing and one or more intenmediate 
casings. The casings £tfe typically supported using load t)earing slips positioned above 
the ground. The conventional design and constniction of wellheads is expensive and 
complex. 

10 Conventionally, a wellbore casing cannot be formed during the drilling of a 

virellbore. Typically, the wellbore is drilled and then a wellbore casing is fomned in the 
newty drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming weilbores and wellheads; 

15 Summary 

Acoprding to another emlxxJiment of the present invention, a method of 
expanding a tubular member is provided that Includes placing a mandrel within the 
tubular member, pressurizing an annular reigion within the tubular member above the 
mandrel, and displacing the mandrel with respect to the tubular member. 

20 According to another embodiment of the present invention, an apparatus for 

radially expanding a tubular member is provided ttait includes a first tubular member, a 
seccmi tubular member positioned within the first tubular member, a third tubular 
member movably coupled to and positioned within the second tubular member, a first 
annular sealing member for seaHng an interface between the first and; second tubular 

25 members, a second annular seaBng member for sealing an interface between the 
second and third tubular members, and a mandrel positioned within the first tubular 
member and coupled to an end of the third tubular member. 

According to another emtxxliment of the present invention, an apparatus is 
provided that Included a tubular memt>er, a piston adapted to expand the diameter of 

30 the tubular member positioned within the tubular member, and an annular chamber 
defined by the piston and tubular member. The piston includes a passage for 
conveying fluWs out of the tubular member. 

Acoordir^ to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 

35 preexisting structure. The tubular member is coupled to the preexisting structure by 
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the process of: positioning ttie tubular memt>er in an overtapping relationship to the 
preexisting structure, placing , a mandrel within the tubular niember, pressurizing an 
annular region within the tubular member above the mandrel, and displacing the 
mandrel with respect to the tubular rniOTiber. 
5 Accordhg to another enribodiment of the present invention, a method of 

expanding a tubular member te provided that Includes preforming the tubular member 
to include a first portion, a second portion, and a third portion, placing a mandrel within 
the second portion of the tubular member, pressurizing a region within the tubular 
memben and displacing the mandrel with respect to tlie tubular member. The inside 
10 diameter of the second portion of the hjbular member is greater than the inside 
diameters of the first and third portions of the tubular member. 

Acoorting to another embodiment of the present Invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular member, a 
second tubular member coupled to the first tubular member, a third tubular member 
15 coupled to the second tubular member, and a mandrel positioned, within the second 
tubular member and coupled to an end portion erf the third tubular member. The inside 
diameter of the second tubular member is greater than the inside diameters of the first 
and third tubular members. 

According to another embodiment of the present invention, an apparatus is 

20 provided Oiat includes a tubular meml>er having first second, and third portions, a 
piston adapted to expand the diametiBr of the tubular nr>ember positioned within the 
second portion of. the tubular rnernber, the piston including a passage for conveying 
fluids out of the tubular member. The inside diameter of flie second portion of the 
tubular member is greater than the inside dimeters of the first and third portions of the 

25 tubular member. 

According to another embodiment of the present in^Son, an apparatus Is 
provided that includes a preexisting stmcture and a tubular member coupled to the 
preexisting structure. The tububr member is coupled to the preexisting structure by 
the process of: prefonming the tubular member to indude first, second, and third 

.30 portions, positioning the tubular member in an overtapping relationship to the 
preexisting structure; placing a manidrel within the second portion of the tubular 
member, pressurizing an interior region within the tubular member; and displacing the 
mandrel with.respect to the tubular member. The inside diameter of the second portion 
of the tubular member is greater than the inside diameters of the first and third portions 

35 of the tubular member. 
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The present embodiments of the invention provide methods and apparatus for 
fonning and/or repairing wellbore casings, pipelines, and/or stmctural supports by 
radially expanding tubular members. In this manner, the formation and repair of 
wellbore casings, pipelines, and structural supports is im^ 
5 Brief Description of tte Drawings 

FIG. 1a is a fragmentary crpss^secHon illustration of an embodiment of an 
apparatus and method for expanding tubular merhbers. 

FIG. lb is another fragmentary cross-sectionai illustration of the apparatus of 
FIG. 1a 

10 FIG. 1c is another fragmentary cross-sectional illustration of the apparatus of 

FIG. la. 

FIG. 2a is a fragmentary cross-section jliustration of an embodiment of an 
apparatus and method for expanding tubular memt)ers. 

FIG. 2b is another fragmentary cross-sectional illustration of the apparatus of 
15 FIG. 2a. 

FIG. 2c is another fragmentary cross-sectionai illustration of the apparatus of 
FIG.2a. 

FIG. 2d is another fragmentary cross-sectional lllustratidn of the apparatus of 
FIG. 2a. 

20 FIG. 2e is another fragmentary cross-sectional illustration of the apparatus of 

FIG. 2a. 

Detailed Description of the illustrative Embpdiinents 
Refening now to FIGS, la, lb and Ic, an apparatus 100 for expanding a 
tubular member will be described. In a prefened embodiment, the apparatus 100 
25 includes a support merhber 105, a packer 1 10, a first fluid conduit 1 15, an annular fluid 
passage 120. fluid inlets 125, an sinnular seal 130, a second fluid conduit 135, a fluid 
passage 140, a mandrel 145, a mandrel launcher 150, .a tubular member 155, slips 
160, and seals 165. In a prefen^ embodiment, the apparatus 100 is used to radially 
expand the tubular member 155. In this manner, the apparatus 100 may be used to 
30 fDrm a wellbore casing, line a wellboirexasing, fonn a pipeline, line a pipeline, fonn a 
structural support member, or repair a wellbore casing, pipeline or stnjctural support 
member. In a preferred embodiment, the apparatus 10& is used to dad at least a 
portion of the tubular member 1 55 onto a preexisting tubuteir memt>er. 

The support member 105 is preferably coupled to the packer 110 and the 
35 mandrel launcher 150. The suppcMl memt>er 105 prefmbiy is a tubular member 
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fabricated from any number of oonventionai commercially available materials such as, 
for example, oilfield counby tubular goods, low alloy steel, carbon steel, or stainless 
steel. The support member 105 is preferably setected to fit tfirough a preexisUng 
section of wellbore casing 170. In this manner, the apparatus 100 may be positioned 
5 within the wellbore casing 170. In a preferred embodiment, the support member 105 is 
releasabiy coupled to the mandrel launcher 150. In this manner, the support member 
105 may be decoupled from the mandrel launcher 150 upon the completion of an 
extrusion operation. 

The packer 110 is coupled to the support member 105 and the first fluid conduit 
10 115. The packer 110 preferably provkJes a fluid seal between the outside surface of 
the first fluW conduit 115 and the inside surface of the support member 105. In this 
manner, the packer 110 preferably seals off and, in combination with the support 
member 105, first fluid conduit 115. second fluid conduit 135, and mandrel 145. defines 
an annular chamber 175. The packer 110 may be any number pf conventional 
15 commercially available packers modified In accordance with the teachings of the 
present disclosure. In a prtferred embodiment, the packer 110 is an RTTS packer 
available from Halfiburton Energy Sendees in order to optimally provide high toad and 
pressure containment capadly white also allowing the packer to be set and unset 
multipte times without havnig to pull the packer out of the weUbore. 
20 The first flukl conduit 115 is coupled to the packer 110 and the annular seal 

130. The first fluid conduit 115 preferably is an annutar member fabricated from any 
number of conventional commercially avaHabte matertais such as. for example, oilfieki 
country tubular goods, low altey steel, carbon steel, or stainless steel. In a preferred 
embodiment, the ffrst fluM conduit 1.15 Includes one or more fluid intete 125 fbr 
25 conveying flukJic materials from the anrwjiar fluid passage 120 into the chamber 175. 

The annular fluid passage 120 is defined by and posittoned between the interior, 
surface of the first flukl conduit 115 and the interior surface of the second fluid conduit 
135. The annular fluid passage 120 is preferably adapted to convey fluidic materials 
such as cement, water, epoxy. lubricants, and slag mix at operating pressures and flow 
30 rates ranging from about 0 to 3.000 gallons/minute and 0 to 9.000 psi In order, to 
optimally provWe flow rates and operational pressures for the radial expansfon process. 

The fluid inlets 125 are positioned in an end portkjn of the first fluid conduit 1 1 5. 
The fluid intete 125 preferably are adapted to convey flukJic materials such as cement 
water, epoxy. lubricante. and stag mix at operating pressures and flow rates ranging 
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from about 0 to 9.000 psi and 0 to 3,000 gallons/minute In order to optimally provide 
flow rates and operational pressures for the radial expansion process. 

The annular seal 130 is coupled to the first fluid coadult 115 and the second 
fluid conduit 135. The annular seal 130 preferably provides a fluid seal between the 
5 interior surface of the first fluid conduit 1 1 5 and the exterior surface of the second fluid 
conduit 135. The annular seal 130 preferably provides a fluid seal between the interior 
surface of the first fluid conduit 1 15 and the exterior surface of the second fluid conduit 
135 during relative axial motion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional commercially 
10 available seals such as, for example, 0-rings. polypak seals, or metal spring energized 
seals. In a preferred embodiment, the annular seal 130 is a polypak seal available 
from Paricer Seals. 

The second fluid conduit 135 is coupled to the annular seal 130 and the 
mandrel 145. The second flukJ conduit preferably is a tubular member fabricated from 
15 any number of coriventional commerciany available materials such as, for example, 
colled tubing, oilfield country tubular goods, tow alloy steel, stainless steel, or tow 
carbon steel. In a preifered embodiment, the second fluki conduit 135 is adapted to 
convey fluidto materials such as cement, water, epoxy, lubricants, and slag mbc at 
operating pressures and fhsw rates ranging from about 0 to 9,000 psi and 0 to 3,000 
20 gaUonsAninute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. 

The fluid passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. In a preferred emtxxliment. the fluM passage 140 is adapted to convey 
fluidic materials such as cement, water, epoxy, lubricants, and slag mix at operating 
25 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3.000 
gallcwis/minute in order to optimally ptovlde flow rates and operational pressures for the 
radial expar)sion process. 

The mandrel 145 is coupled to the second fluid conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably are an annular member having a conic 
30 section fabricated from any number of conventional commercially available materials 
such as, for example, machine tool steel, ceramics, tungsten carbide, titanium or other 
high strength alloys. In a prefen-ed embodiment, the angle of the conic section of the 
mandrel 145 ranges, from about 0 to 30 degrees in order to optimally expand the 
irandrel launcher 150 and tubular mennber 155 in the radial direction. In a prefened 
35 embodiment, the surface of the conic section ranges from about 58 to 62 Rockwell C in 
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order to optimally provkle high yield strength. In a preferred emtxxJiment. the 
expansion cone 145 is heat treated In order lo optirnally provide a hard outer surface 
and a resilient interior Ixjdy In order to optimally provide at>rasion resistance and 
fracture toughness. In an alternative eml)odiment, the mandrel 145 is expendible In : 
5 order to further optimally augment the radial expansion process. 

The mandrel launcher 150 is coupled to the support memt)er 105, the mandrel 
145. and the tubular member 155. The mandrel launcher 150 preferably are a tubular 

member having a variable cross-section and a reduced vrall thidtness in order to 
facilitate the radial expansion process. In a preferred embodiment, the cross-sectional 
10 area of the mandrel launcher 150 at one end is adapted to mate with the mandrel 145, 
and at the other end. the aoss-sectional area of the mandrel launcher 150 is adapted 
to match the cross-sectional area of the tubular member 155. In a preferred 
embodiment, the wan thickness of the mandrel launcher 150 ranges from about 50 to 
100 % of the wall tNckness of the tubular member 155 in order to ^litate the initiation 
IS of the radial expansion process. 

The mandrel launcher 150 may be fabricated from any number of conventional 
comnwrdany available materials such as. fix example, oilfield country tubular goods, 
low allow steel, stainless steel, or carbon steel. In a preferred embodiment, the 
mandrel launcher 150 is fabricated from oilfield country tubular goods having higher 
20 strength but lower wall thickness than the tubular rfiember 155 in ortter to optimally 
match the burst sfrength of the tubular rhember 155, In a prefened embodiment, the 
mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, the mandrel launcher 150 may be removed from the wellbore 180 upon the 
oornpletk>n of an exfrusion operation. 
25 In an alternative embodiment, the support member 105 and the mandrel 

launcher 150 are integrally fonned. In this altemative embodiment, the support 
member 105 preferably terminates above the top of the packer 1 10. In this altemative 
embodiment, the fluid conduits 115 and/or 135 provide stmctural support for the 
apparatus 100, using the packer 110 to couple together the elements of the apparatus 
30 100. In this altemative embodiment. In a preferred embodiment^ during the radial 
expanskm process, the packer 110 may be unset and reset, after the slips 160 have 
anchored the tubular member 155 to the previous casing 170. within the tubular 
member 155. between radial expanston operations. In this manner, the packer 110 is 
moved downhole and the apparatus 100 is re-sboked. 
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The tubular member 155 Is coupled to the mandrel launcher, the slips 160 and 
the seals 165. The tubular member 155 preferably is a tubular member fabricated from 
any number of conventtonal commercially available materials such as. for example, law 
aWoy steel, carbon steel, stainless steel, or oilfield country tubular goods. In a preferred 
5 embodiment the tubular member 1 55 is fabricated from oilfield country tubular goods. 

The slips 160 are coupled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapts to couple to the interior walls of a casing, pipeline 
or other structure upon ttie radial expansion of the tubular member 155. In this 
manner, the slips 160 provide structural support for the expanded tubular menrt)er 155. 

10 The slips 160 may be any number of conventtonal commercially available slips such 
as, for example. RTTS packer tungsten carbide slips, RTTS packer wicker type 
mechanical slips or Model 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. In a prefenred embodiment the slips 160 are RTTS packer tungsten 
rarbide mechanical slips available from Halliburton Energy Services. In a prefened 

15 embodiment, the slips 160 are adapted to support axial forces ranging from about 0 to 
750.000lbf. 

The seals 165 are coupled to the outsMe surface of the tubular member 155. 
The seals 165 preferably provkle a flukfic seal between the outside surface of the 
expanded hibular member 155 and the interior walls of a casing, pipeline or other 

20 strurture upon the radial expanston of the tubular member 155. In this manner, the 
seals 165 provkle a fluidic seal for the expanded tubular member 155. The seals 165 
may be any number of owiventkmal commercially available seals such asi for example, 
nitrile rubber, lead, Afltes nibber. Teflon, epoxy. or other elastomers. In a preferred 
embodiment, the seals 165 are rubber seals available finom numerous commercial 

25 vendors in order to optimally provide pressure sealing and load bearing capacity. 

During operation of the apparatus 100, the apparatus 100 is preferably towered 
into a wellbore 180 having a preexisting section of wellbore casirig 170. In a prefened 
embodiment, the apparatus 100 is posrttoned with at least a portion of the tubular . 
member 155 overtappihg with a portion of the wellbore casing 170. In this manner, the 

30 radial expansion of the tubular member 155 win preferably cause the outsWe surface of 
the expanded tubular mender 155 to couple with the inside surface of the wellbore 
casing 170. In a preferred embodiment, the radial expansion of the tubular member 
155 will also cause the slips 160 and seals 165 to engage with the interior surface of 
the wellbore casing 170. In this manner, the expanded tubular member 155 is provided 
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wfth enhanced structural support by the slips 160 and an enhanced fluid seal by the 
seals 165. 

As Hlustrated In FIG. 1b. after placement of the apparatus 100 In an overlapping 
relationship with the wellbore casing 170, a fluidic material 185 is prefisrably pumped 
5 into the chamber 175 Using the fluid passage 120 and the inlet passages 125. In a 
preferred embodinwrt, the fluldic material is pumped into the chamber 175 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3.000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. The pumped fluidic material 185 increase the operating 

10 pressure within the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extrude the mandrel launcher 150 and tubular 
member 155 off of tfie face of the mandrel 145. The extrusion of the mandrel launcher 
150 and tubular member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the radial direction. Continued 

15 pumping of the fluidic material 185 preferably causes the entire length of the tubular 
member 155 to expand h the radial dlrecUbn. 

In a prefarred embodiment, the pumping riate and pressure of the fluidic 
material 185 is reduced during the latter stages of the extrusion process in order to 
minimize shodc to the apparatus 100. In a preferred embodiment, the apparatus 100 

20 includes shock absorbers for absori)ing the shock caused by the comptefon of the 
extruston jarooess. ' 

In. a preferred embodiment, the extnsion process causes themandrel 145 to 
move in an axial direction 185. During the axial movement of the mandrel, in a 
preferred embodiment, the fluid passage 140 conveys flukfic material 190 dispiaoed by 
25 the moving mandrel 145 out of the vi«llbore 180. In this manner, the operatkmal 
efficiency and speed of the extrusion process is enhanced. 

Iri a preferred embodiment, the extrusion process Includes the injection of a 
hardenable fluidic rhaterial into the annular regton between the tubular member 155 
and the bore hole 180. In this manner, a hardened sealing layer is provided between 
30 tfw expanded tubular member 1 55 and the interior walls of the wellbore 180. 

As illustrated in FIG. 1c, in a preferred embodiment, upon the completion of the 
extrusion-process, the support rrwmber 105. packer 110. first fluid conduit 115. annular 
seal 130. second fluid conduit 135. mandrel 145. and mandrel launcher 150 are moved 
finom the wellbore 180. 
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In an alternative embodinient, the apparatus 100 is used to repair a preexisting 
welll)ore casing or pipeline. In this alternative embodlrnent. both ends of the tubular 
memt>er 155 preferably include slips 160 and seals 165. 

In an alternative embodiment the apparatus 100 is used to form a tubular 
structural support for a building or offshore structure.. 

Referring now to FIGS. 2a, 2b. 2c 2d, and 2e, an apparatus 200 for expanding 
a tubular member will be described. In a preferred embodiment, the apparatus 200 
includes a support member 205, a mandrel launcher 210, a mandrel 215. a first fluid 
passage 220. a tubular member 225, slips 230, seals 235. a shoe 240, and a sewnd 
fluid passage 245. In a prefen^d embodiment the apparatus 200 is used to radially 
expand the mandrel launcher 210 and tubular member 225. In this manner, the 
apparatus 200 may be used to fonn a wellbore casing, line a wellbore casing, form a 
pipeline, line a pipeline, fomi a stoictural support member, or repair a wellbore casing, 
pipeline or stmctural support niember. In a prefenned embodiment the apparatus 200 
is used to dad at least a portion of the tubular member 225 onto a preexisting structural 
member. 

The support member 205 is preferably coupled to the mandrel launcher 210. 
The support nwrnber 205 preferably is a tubular member ^bricated from any number 
of conventional commercially available materials such as, for example, oilfield country 
tubular goods, low altoy steet carbon steel, or steinless steel. The support member 
205, the mandrel launcher 210, ttie tubular member 225, and tfie shoe 240 are 
preferably selected to fit ttirough a preexisting section of wellbore casing 250. In Oiis 
manner, the apparatus 200 may be posiHor^ed within the wellbore casing 270. In a 
preferred embodiment the support member 205 is releasably coupled to the mandrel 
launcher 210. In ttiis manner, Ihe support member 205 may be decoupled from ttie 
mandrel launcher 210 upon the completion of an extrusion operation. 

TTie nfiandnel launcher 210 is coupled to tt^e support member 205 and the 
tubular member 225. The mandrel launcher 210 preferably are a tubular member 
having a variable CToss-section and a reduced wall thickness in order to fadlitete Vt\e 
radial expansion process. In a preferred embodiment ttie cross-sectional area of the 
mandrel launcher 210 at one end is adapted to mate wftti ttie mandrel 215. and at the 
other end. ttie cross-sectional area of ttie mandrel launcher 210 Is adapted to match 
ttie cross-sectional area of ttie tubular member 225. ' In a preferred embodiment ttie 
wall thickness of ttie nnandrel launcher 210 ranges from about 50 to 100 % of ttie wall 
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thickness of the tubular member 225 in order to factlK^te the initiation of the radial 
expansion process. 

The mandrel launcher 210 may be ^brkated from any number of conventional 
comnf)erdafly available materials such as, for example, oilfield country tubular goods, 
5 low albw steel, stainless steel, or carbon steeL In a preferred embodiment, the 
mandrel launcher 210 is fabricated from oilfield country tubular goods having higher 
strength but tower wall thickness than the tubular member 225 in order to optimally 
match the burst strength of the tubular member 225. In a preferred embodlrnent, the 
mandrel launcher 210 is removably coupled to the tubular member 225. In this 
10 manner, the mandrel launcher 210 may be renfwved from the wellbore 260 upon the 
completion of an extrusion operation. 

The mandrel 215 is coupled to the mandrel launcher 210. The mandrel 215 
preferably are an annular member having a conic section fabricated from any number 
of conventional commercially available materials such as, for Sample, machine tool 
15 steel, ceramics, tungsten carbide, titanium or other high strength alloys. In a preferred 
embodiment, the angle of the conic section of the mandrel 215 ranges from about 0 to 
30 degrees In order to optimally expand the mandiel launcher 210 and the tubular 
member 225 In the radial direction. In a preferred embodiment, the surface of the conic 
sectton ranges from about 58 to 62 Rockwell C In order to optimally provide high yield 
20 strength. In a preferred embodhnent, the expanston cone 215 is heat treated |n order 
to optimally provide a hard outer surface and a resilient Interior body in order to 
optimalty provide abraston resistance and fracture toughness. In an alternative 
embodiment, the mandrel 215 is expandibie in order to further optirn^lly augrhent the 
radial expartsion process. 
25 The fluid passage 220 is positioned within the mandrel 215. The fluid passage 

220 Is preferably adapted to convey fluWIc materials such as cement, water, epoxy, 
lubricants, and slag mix at operating pressures and flow rates ranging from about 0 to 
9.000 psi and 0 to 3,000 gallons/minute in order to optimally provide flow rates and 
operational pressures for the redial expansion process. The fluid passage 220 
30 preferably includes an inlet 265 adapted to receive a plug, or other similar device. In 
this manner, the interior chamber 270 above the. mandrel 215 may be fluididy isolated 
from the interior chamber 275 below the mandrel 21 5. 

The tubular member 225 Is coupled to the mandrel launcher 210, the slips 230 
and the seals 235. The tubular member 225 preferably is a tubular member fabricated 
from any number of oonventtonal commercially available materials such as, for 
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example, low alloy steel, caibon steel, stainless steel, or oilfleW country tubular goods. 
In a preferred embodiment, the tubular member 225 is fabricated froni oilfield country 
-tubular goods. 

The slips 230 are coupled to the outside surface of the tubular member 225. 
The sfips 230 preferably are adapted to couple to the Interior walls of a casing, pipelirie 
or other structure upon the radial expansion of the tubular member 225. In this 
manner, the slips 230 provide structural support for the expanded tubular member 225. 
The slips 230 may be any number of conventional commercially available slips such 
as, for example. RTTS packer tungsten carbide mechanical slips. RTTS packer wicker 
type mechanical slips, or Model 3L retrievable bridge plug tungsten carbide upper 
nrwchanlcal slips. In a prefemed embodiment, the slips 230 are adapted to support 
axial forces ranging from about 0 to 750,000 Ibf. 

The seals 235 are coupled to the outsWe surface of the tubular member 225. 
The seals 235 preferably provide a fluWic seal between the outside surface of the 
expanded tubular member 225 and the Interior walls of a casing, pipeline or other 
structure upon the radial expanston of the tubular meniber 225; In this manner, the 
seals 235 provide a fluWte seal for the expanded tubular member 225. The seals 235 
may be ariy number of conventional commercially available seals such as, for example, 
nitrfle nibber, lead. Alias nibber. Teflon, epoxy or other elastomers, in a preferred 
eihhodiment, the seals 235 are conventional mbber seals available from various 
commercial vendors in order to optimally provide pressure sealing and k)ad bearing 
capacity. 

The shoe 240 Is coupled to the tul)ijlar member 225. The shoe 240 preferably 
is a substantially tubular member having a fluki passage 245 for oonv^ng fiuWic 
materials from the chamber 275 to the annular region 270 outskle of the apparatus 
200, The shoe 240 may be any number of conventional commercially available shoes 
such as. for example, a Super Seal II float shoe, a Super Seal II Down-Jet ftoat shoe, 
or a guide shoe with a sealing sleeve for a latch down plug modified in accordance jwith 
the teachings of the present disclosure. In a prefenred embodiment, the shoe 240 is an 
aluminum down^jet guide shoe with a sealing sleeve for a latch down plug, available 
ftom Halliburton Energy Services, modified in accordance with the teachings of the 
present dtedosure, in.onler to optimally guide the tubular member 225 in the wellbore. 
optimally provide a flukJic seal between the interior and exterior diameters df the 
overiapping Joint between the tubular members, and c^tlmally facilitate the complete 



13 



driiring out of the shoe and plug upon the completion of the cementing and ladial 
«q>ansion operations. ' 

During operation oif the apparatiB 200. the apparatus 200 is prefeiat>ly lowered 
into a wellbore 260 having a preexisting section of wellbore casing 275. In a prefen«d 
5 embodiment, the apparatus 200 is positioned with at least a portion of the tubular 
member 225 oveiiapplng wHh a portion of the wellbore casing 275. In this manner, the 
radial expansion of the tubular nr»mber 225 will preferably cause the outelde surface of 
the expanded tubular member 225 to couple with the Inside surface of the wellbore 
casing 275. In a preferred embodiment, the radial expansion of the tubular member 
10 225 win also cause the slips 230 and seals 235 to engage with the interior surface of 
the wellbore casing 275. In this manner, the expanded tubular member 225 is provided 
with enhanced structural support by the slips 230 and an enhanced fluid seal by the 
seals 2351 

As illustrated In FIG. 2b, after placement of the apparatus 200 in an overtapping 
15 relationship with the wellbwe casing 275. a fluidic material 280 Is preferably pumped 
Into the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 oftto the chamber 275. The fluidic material 280 then passes out of the chamber 
275. ^trough the fluid passage 245, and Into the annular region 270. In a preferred 
embodiment, the fliddic material 280 is pumped mto the chamber 270 at operating 
pre^ures and flow rales ranging from about 0 to 9,000 psi and 0 to 3.000 
• gallons/minute in order to optimally pro\^e flow rates and operational pressures for the 
radial expansion process. In a prefened embodiment, the fluidic material 280 is a 
hardenable fluidic seating material in order to fbmi a hardened outer annular member 
around the expsmded tubular menrd)er 225. 

As Illustrated iri FIG. 2c. at some later point in the proce^, a ball 285, plug or 
other similar device, is introduced into the pumped fluidic miaterial 280. In a preferred 
embodiment, the ball 285 nrates with and seals off the inlet 265 of the fluid passage 
220. In this manner, the chamber 270 is fluididy isolated from the chamber 275. 

As Illustrated in FIG. 2d, after placement of the baU 285 in the inlet 265 of the 
fluid passage 220. a fluidic material 290 is pumped into the chamber 270. The fluidic 
material is preferably pumped into the chamber 270 at operafing pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3.000 gallonsAninute in order to 
provide optimal operating efficiency. The fluidic material 290 may be any number of 
conventional commercially availaUe materials such as. for example, vwiter. drilling 
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mud, cementp epoxy. or slag mix. In a preferred embodiment, the fluidic miaterial 290 is 
a non-hardenable fluidic material in order to rnaximize openational efficiency. 

Continued pumping of the fluidic material 290 increases fluidic nrtaterial 280 
Increases the operating pressure within the chamber 270. The increased operating 
pressure in the chamber 270 then causes the mandrel 215 to extrude the mandrel 
launcher 210 and tubular n)ember 225 off of the conical face of the mandrel 215. The 
extrusion of the mandrel launcher 210 and tubular member 225 off of the conical face 
of the mandrel 215 causes the mandrel launcher 210 and tubular member 225 to 
expand In the radial direction. Continued pumping of the fluidic material 290 preferably 
causes the entire length of the tubular member 225 to expand In the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 290 is reduced during the latter stages of the extmslon process in order to 
minimize shock to the apparatus 200. In a preferred embodiment the apparatus 2W 
includes shock absbrbers for absorbing the shock caused by the completion of the 
extruston process. In a preferred embodiment, the extruston process causes the 
mandrel 215 to rnove in an iaxial direction 295. 

As illustrated in FIG. 2e, in a preferred embodiment; upon the completton of the 
exlAJSion process, the support member 205; packer 210, first fluid coriduit 215. annular 
seal 230. Second fluid conduit 235. mandrel 245, and mandrel launcher 250 are 
removed from the wellbore 280. in a preferred embodiment, the resulting new section 
of wellbore casing includes the preexisting wellbore casing 275, the expanded tubular 
member 225, the slips 230, ttie seals 235, the shoe 240, and an outer annular layer 
4000 of hardened fluidic material. 

in an alternative embodiment the apparatus 200 is used to repair a preexisting 
wellbore casing or pipeline. In this altemative embodiment both ends of the tubular 
member 255 preferably indude slips 260 and seals 265. 

In an altemative embodiment the apparatus 200 is used to form a tubular 
staictural support for a building or ofbhore structure. 

In a preferred embodiment the tubular niembers 105 and 225; shoes 240; 
expansion cone launchers 150 and 210; and expansion cones 145 and 215 are 
provided substantially as described In one or more of the following U.S. patent 

applications: (1) utility patent appficatton number , attorney docket 

number 25791 .9.02, filed on 1 M6-1999, which claimed the benefit of the filing date of 
provistorial patent appRcation number 60/108.558, attorney docket number 25791.9, 
fited on 1 1-16-1998; (2) utility patent application number , attorney docket 
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number 25791.3.02. filed on 12-3-1999. which claimed the benefit of the fifing date of 
provisional patent application number 60/1 1 1 .293. attorney docket number 25791 .3. 

filed on 12-7-1998; (3) utility patent application number attorney docket 

number 25791.8.02. filed on 2-10-2000. which claimed the benefit of the filing date of 
5 provisional patent applicatipn number 60/119.611. attorney docket number 25791.8, 
filed on 2-11-1999; (4) provisional patent applicatton number 60/121.702. attorney 
docket number 25791.7. filed on 2-25-1999; (5) provistonal patent application number 
60/121.841. attorney docket number 25791.12. filed on 2-26-1999; (6) provisional 

patent applicatton number 60/121.907. attorney docket number 25791.16. filed on 2 
10 28-1999; (7) provisbnal patent application number 60/124.042, attorney docket number 
25791.11. filed on 3-11-1999; (8) provisional patent applicatton number 60/131.106. 
attorney docket number 25791.23. filed on 4-26.1999; (9) provisfonal patent appKcattori 
number 60/137.998. attorney docket number 25791.17. filed on 6-7-1999; (10) 
provisiohal patent appficatton number 60/143.039, attorney docket number 25791.26. 
filed on 7-9-1999; (11) provistonal patent application number 60/146,203. attorney 
docket number 25791.25. filed on 7-29-1999; (12) provistonal patent application 

number _^ attorney docket number 25791.29, filed on 9-16-1999; (13) 

provistonal. patent applicatton number ■ attorney docket, number 

25791.34, filed on 10-12-1999; (14) provistonal patent applicatton number 
D attorney docket number 25791.36. filed on 10-12-1999; (13) provistonal patent 
application number 60/159,033. attorney docket number 25791.37, fited on 10-12- 

1999; (15) provistonal patent appltoatton number _^ , attorney docket 

number 25791.27. filed on 11-01-1999. /Vpplicants incorporate by reference the 
disctosures of these applications. 
• /^though Illustrative embodiments of the Invention have been shown and 

described, a wkJe range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a corresponding use of the other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the Invention. 
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Claims 

1. An apparatus, comprising: 
a first tubular member and 

a second tubular member coupled to the first tubular n>emben 
a mandrel within the second tubular member; 

a pressurized region within the -second tubular member abowe the mandrel; and 
a mechanism adapted for displacing the mandrel with respect to the second 
tubular member; 

wherein the first tubular member includes a defective portion, and wherein the 
second tubular merhber is positioned in opposing relation to the defective portion. 
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1. A method of coupling a ti^af member to a preexisting structure, 
cornprising: 

positioning the tubular member in an overlapping relationship to the preexisting 

structure; 

5 placing a mandrel within the tubular menfiber; 

pressurizing an annular region within the tubular member above the mandrel; and 
displacing the i^ndrel with respect to the tubular member. 

2. The method of daim 1 , further comprising: 
1 0 removing fluids within the tubular memt>er that are displaced by the displacement 

of the mandrel. 

3. The method of daim 2, wherein the removed fluids pass inside the annular 
region. 

15 * 

4. The method of daim 1 , wherein the volume of the annular region increases. 

5. The method of daim 1 , further Induding sealing off the annular region. 

20 6. The method of daim 5, wherein seaHng off the annular region indudes seating a 
stationary meml)er and sealing a non-stationaiy member. 

7. The method of daim 1 . ftjrther' induding conveying fluids in opposite directions. 

25 8. The method of daim 1., further induding conveying a pressurized fluid and a non- 
pressuri^ fluid in opposite directions. 

9. The method of daim 1, wherein the pressurizing Is provided' at operating 
pressures ranging from about 0 to 9,000 psi. 

30 

10. The method of daim 1 , wherein the pressurizing is provided at flow rates ranging 
fran about 0 to 3,000 gaBons/minute. . 

11. An apparatus for radially expanding a tubular member, comprising: 
35 a first tubular member; 
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